In this review, we will venture into a new arena for work in atomic X-ray spectroscopy which we can dub tokamak X-ray spectroscopy diagnostics (TOXRASD). Not only is the experimental development exciting, but the measurements explore areas of atomic and plasma physics which have been inaccessible until just recently.
confined by a toroidal magnetic field. However, through plasma-wall interactions, impurity ions are introduced to the plasma, which consists mainly of hydrogen, deuterium or helium. The impurity ions are successively ionized and distributed in the plasma volume determined by e.g. equilibrium conditions (e.g. coronal) and transport phenomena. The spatial distributions of these impurity ions can be characterized by shells of the individual ionization stages separated or overlapping in the plasma. Radial profiles of the emission from different ionization stages (see Fig. 1 ) will be dependent on plasma parameters /6-8/.
In Fig. 1 Atomic processes of importance are electron impact excitation and ionization from the ground state followed by radiative transitions, dielectronic and radiative recombination. The relative importance of these processes for certain plasma conditions is a point of investigation for TOXRASD. Furthermore, the influence of other possible processes such as proton excitation, charge exchange and ion-ion collisions need to be further investigated.
. EXPERIMENTAL TECHNIQUES
Probing the plasma conditions by means of the emitted photons in the X-ray region is performed with mainly four different techniques:
X-ray imaging /9,10/, X-ray continuum measurements /11,12/, survey X-ray spectroscopy /2,13/ and high resolution, broad band line spectroscopy /14-17/. A typical time evolution of a plasma shot in Alcator C is shown in Fig. 2 ; each division along the abcissa is 10 ms. The fast rise of electron density (N.) and plasma current (Ip) is followed by a stable period in which the plasma parameters are probed. The characteristic X-ray emission discussed in this paper is observed during this stable time period. However, during this apparently quiet period, there are internal instabilities developing with minor disruptions in the core of the plasma which can be imaged with the filtered X-ray diode arrays (SBD We also note that while the Li-like charge states give rise to significant satellite lines to the w line in our S and Cl spectra, ions. This is a general feature for most of our spectra at lower temperatures that Iq(exp)>Iq(theor) at given Te, indicating that this is a characteristic feature of the plasma we observe or perhaps one should check for theoretical problems with the predicted rates of inner shell excitations. and is similar to that of C1 already discussed (see Fig. 9) . i.e., the ls-3p resonance line in Fig. 7 should be 11.4
times the satellite line. The ,ls-2p resonance line for S was measured during other but similar discharges of the same run 0805.
Assuming constant S emission, we determine the is- However, the temperature given by I refers to the plasma region of maximum emission from the S13+ ions (cf. Fig. 1 ) which can differ from the radial distribution for Mo 3 0 +, 3 2 + and the two Mo species can be spatially separated too. Therefore, the line identification for many electron systems such as Mo is a complicated business and the temperature dependence must be used judicially.
Once the identification is clear and a systematic of temperature dependences emerge, we can hope to use these complicated line spectra for detailed radial plasma mapping. states of H-like ions and hence increase the 2 p 1 ,/ 2 / 2 P3/ 2 intensity ratio with increasing proton (i.e., also electron) density /27/.
However, the proton effects appear too small to explain the observed variations let alone that the change is only in one direction. Here, we need to make simultaneous measurements of these two ratios to see if the variations are correlated and hence answer the question whether there is a common cause affecting these line ratios. These results are both experimentally clear and interpretationally puzzling and should entice some stretching of the atomic physics imagination.
NEXT GENERATION TOXRASD MEASUREMENTS
The results from the new TOXRASD experiment at the Alcator C tokamak and those from the well established experiment at the The spectrum is a surn of eight similar discharges of deuterium with Ne = 3.5 x 10 1 4 cm-3 , Te -1.25 keV and BT = 80 kG. ... 
